
C
o

n
tr

as
t 

D
is

cr
im

in
at

io
n

 C
an

 E
xp

la
in

�

O
ri

en
ta

ti
o

n
 D

is
cr

im
in

at
io

n

L
au

re
n

t 
It

ti
, C

h
ri

st
o

f 
K

o
ch

 a
n

d
 J

o
ch

en
 B

ra
u

n

C
al

if
o

rn
ia

 In
st

it
u

te
 o

f 
T

ec
h

n
o

lo
g

y

�

C
o

m
p

u
ta

ti
o

n
 a

n
d

 N
eu

ra
l S

ys
te

m
s 

P
ro

g
ra

m

S
u

p
p

o
rt

ed
 b

y 
N

S
F

 (
C

al
te

ch
 E

R
C

),
 O

N
R

 a
n

d
 N

IM
H

T
h

e 
P

ro
b

le
m

�

R
el

at
iv

e 
in

cr
em

en
t 

co
n

tr
as

t
d

is
cr

im
in

at
io

n
 t

h
re

sh
o

ld
s

im
p

ro
ve

 w
it

h
 c

o
n

tr
as

t:

W
eb

er
’s

 (
o

r 
G

u
ilf

o
rd

’s
) 

la
w

B
u

t 
o

ri
en

ta
ti

o
n

 d
is

cr
im

in
at

io
n

th
re

sh
o

ld
s 

d
o

 n
o

t

0
0.

2
0.

4
0.

6
0.

8
1

02468

C

∆θ
 (

de
g)

∆θ
 ∝

 C
-0

.0
3

10
−

3
10

−
2

10
−

1

10
−

2

10
−

1

C

∆C

∆C
 ∝

 C
0.

75

∆θ
 ∝

 C
   

  ≈
 c

on
st

.
-0

.1

∆C
 ∝

 C
∆C

 / 
C

 ∝
 C

0.
7

-0
.3

The Problem

(from S.F. Bowne, Vision Research 1990;30(3):449-461)
T

yp
ic

al
 M

o
d

el
 o

f 
E

ar
ly

 V
is

io
n

  L
in

ea
r 

fi
lt

er
s

N
o

n
-l

in
ea

ri
ty

P
er

ip
h

er
al

 
  N

eg
le

ct
 n

o
is

e
   

ce
n

tr
al

 n
o

is
e

   
S

ti
m

u
lu

s

   
N

o
is

e

   
N

o
is

e

   
N

o
is

e

 D
ec

is
io

n
 o

f
   

an
 id

ea
l

   
o

b
se

rv
er

+

-

+ +

- - -

λ,
θ

λ,
θ

R



P
sy

ch
o

p
h

ys
ic

al
 D

ec
is

io
n

�

D
is

cr
im

in
at

e 
b

et
w

ee
n

 s
ti

m
u

lu
s 

A
 a

n
d

 B
 b

y
co

m
p

ar
in

g
 t

h
e 

fi
lt

er
 r

es
p

o
n

se
s:

R
A

an
d

R
B

i.e
., 

th
re

sh
o

ld
s 

ar
e 

fu
n

ct
io

n
s 

o
f 

re
sp

o
n

se
 d

if
fe

re
n

ce
s:

∆θ
 ∝

 f
  (

∆R
)

θ
∆C

 ∝
 f

   
(∆

R
)

C

H
en

ce
:

∆θ
 ∝

 C
⇒

∆R
 ∝

 C

∆ C
 ∝

 C
 

⇒
∆R

 ∝
 C

0
0

0.
7

0

C
o

n
se

q
u

en
ce

 f
o

r

�

V
is

io
n

 M
o

d
el

s

T
h

ey
 d

o
n

’t
 w

o
rk

!

T
h

e 
S

o
lu

ti
o

n
?

D
is

cr
im

in
at

e 
b

et
w

ee
n

 s
ti

m
u

lu
s 

A
 a

n
d

 B
 b

y
co

m
p

ar
in

g
 t

h
e 

fi
lt

er
 r

es
p

o
n

se
s:

R
A

an
d

R
B

i.e
., 

th
re

sh
o

ld
s 

ar
e 

fu
n

ct
io

n
s 

o
f 

re
sp

o
n

se
 d

if
fe

re
n

ce
s:

∆θ
 ∝

 f
  (

∆R
)

θ
∆C

 ∝
 f

   
(∆

R
)

C

B
u

t:

f 
  d

ep
en

d
s 

o
n

 C
!

θ f 
  d

ep
en

d
s 

o
n

 C
θ

θ 
(d

eg
)

C
 =

 0
.2C

 =
 0

.9

0
10

20
01

C
 =

 0
.2C

 =
 0

.9

� λ,
θ

θ 
(d

eg
)

0
10

20
040

S
lo

p
e 

o
f 

o
ri

en
ta

ti
o

n
 t

u
n

in
g

 c
u

rv
e 

b
ec

o
m

es
 s

h
al

lo
w

er
 w

it
h

 C

C

� λ,
θ

� λ,
θ

� m
ax



A
n

d
 t

h
e 

re
g

io
n

 w
h

er
e 

f 
  d

ep
en

d
s 

m
o

st
 o

n
 C

is
 t

h
e 

m
o

st
 in

fo
rm

at
iv

e
θ

C
on

tr
as

t

λ

λ,
θ

J�

θ

S
pa

tia
l p

er
io

d

λ
θ

λ,
θ

J�

λ S
θ S

θ S

λ S

O
rie

nt
at

io
n

λ
θ

λ,
θ

J�

−
60

0
60

0

θ 
(d

eg
)

λ,
θ

J�

θ S

λ S

θ S

0

40

λ
θ

θ S

λ S

0

40

λ
θ

θ S

λ S

� λ,
θ

λ
θ

θ S

λ S

04
∂

	 λ,
θ

∂θ
 

2  

λ
θ

θ S

λ S

04

λ
θ

θ S

λ S

0

0.
3

λ
θ

θ S

λ S

0

0.
3

λ,
θ

J

C

=0
.2

C
=0

.9

F
is

h
er

 In
fo

rm
at

io
n

: 
 

λ,
θ

J 
   

   




≈
∂

	 λ,
θ

∂θ
 

2  

� λ,
θ

   
M

o
d

el
 S

im
u

lt
an

eo
u

sl
y 

F
it

s
C

o
n

tr
as

t 
an

d
 O

ri
en

ta
ti

o
n

 d
at

a

0
0.

2
0.

4
0.

6
0.

8
1

02468

C

∆θ
 (

de
g)

∆θ
 ∝

 C
-0

.0
3

10
−

3
10

−
2

10
−

1

10
−

2

10
−

1

C

∆C

∆C
 ∝

 C
0.

75

S
u

m
m

ar
y

Im
p

ro
ve

m
en

t 
in

 ∆
C

/C
 w

it
h

 C
 s

u
g

g
es

ts
 t

h
at

 n
eu

ro
n

al
re

sp
o

n
se

s 
in

cr
ea

se
 w

it
h

 C
, b

u
t 

la
ck

 o
f 

im
p

ro
ve

-
m

en
t 

in
 ∆

θ 
su

g
g

es
ts

 t
h

ey
 d

o
 n

o
t

H
o

w
ev

er
, w

h
en

 r
es

p
o

n
se

 is
 s

ig
m

o
id

al
 in

 C
, e

ff
ec

ti
ve

tu
n

in
g

 c
u

rv
es

 b
ec

o
m

e 
sh

al
lo

w
er

 w
it

h
 C

T
h

is
 r

ed
u

ce
s 

F
is

h
er

 in
fo

rm
at

io
n

 b
ec

au
se

 it
re

d
u

ce
s 

∂R
/∂

θ
M

o
st

 a
ff

ec
te

d
 a

re
 t

h
e 

n
eu

ro
n

s 
w

h
ic

h
 a

re
 m

o
st

in
fo

rm
at

iv
e 

ab
o

u
t 

st
im

u
lu

s 
o

ri
en

ta
ti

o
n

N
et

 e
ff

ec
t:

co
n

tr
as

t-
d

ep
en

d
en

t 
ch

an
g

e 
o

f 
tu

n
in

g
co

u
n

te
ra

ct
s 

in
cr

ea
se

 in
 r

es
p

o
n

se



Laurent Itti California Institute of Technology
Computation and Neural Systems Program
Mail Code 139-74, Pasadena, CA 91125, USA
Tel: +1 626 395-2881   Fax: +1 626 796-8876
Email: itti@klab.caltech.edu
WWW: http://www.klab.caltech.edu/~itti/

1999 Research Portfolio


